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The invention relates to a virus-inactivated Factor Xa preparation. espeaa.ly.o_ *J^*££ 
of high purity. A method .or the production of this virus-inactivated, h.gh y _pu. ^ Xa 
described, wherein this method also a.lows especially a virus-.nact.vated. highly pure beta Factor Xa 
oreoaration to be obtained which is distinguished by particular stability. 
P %Te b^od co^Ltion Factor X represents a p.asma *V~pro*"^ 

well as the extrinsic blood coagulation cascade. During blood coagulation. Factor X .s activated to Factor 
I The ? a yrZesents a serine protease which catalyses the transformation of p^rombir 

Factor X comprises two ^^^^^ '^Z^n^^^ 
— e onh: w,h a relative molar mass of 

n tofs cleaved from the heavy cha.n. Through this. a.pha-Factor Xa with a relative molar mass of 
PP oxilte-rss KoTsults which'represents the proteo.yt,ca„y active Factor Xa^C. O^d.ngs Mo.ecular 
Genetics and Immunoana.ysis in Blood Coagulation. Weinhe.m. Cambridge. New York. Basel. Ver.ag 

^^F^or xfresuHs through further cleavage o, a 4, kD pep.de ^^^^J^ 
the heavy chain of the alpha-Factor Xa. From the literature (J. Biol. Chen... 250. ^_^^£^o 
5614-5622 (1972)) it follows that this concerns an autocatalytic transformat.on of the alpha-Factor Xa .n o 
bbi4 stj^ ps^i). 3359-3363 (1975)). For this reason, commercially 

leads to alpha-Factor Xa. A subsequent uncontrol.ed autocata.ydc further transformation to beta-Factor Xa 
follows wherein mixtures of the both forms of Factor Xa result. 

° Tori merature. ,t is known that a.pha-Factor Xa and beta-Factor *» «™^ F ^£^ 
activities However for a pharmaceutical preparation, it is of essential importance that a Factor Xa product 
"r^cZ ^y of the active ingredient exists which a,so keeps through .ong-term storage excluding 

^nTSrSSSS,^ 213-220 (1981). a method ,s known which permits the receipt of a 

a so lopears through this method even when beta-Factor Xa is stored in the above-mentioned buffer a 
4 C -n a simr a "manner the instabi.ity of Factor Xa in g,ycero.-wa,er mixtures is also described in J. Biol. 

Chem.. 248: 7729-7741 (1973). - „ 24 g. 772g . 

A method for the purification of Factor X from bovine p.asma ,s known from J. E oL Chem 2«L 7,29 
; 774, (1973). This purification method comprises the adsorpt.on of the Factor X to barium ch.or.de . me 
' lion of the same, and the subsequent fractionated purification w„h ammonium su at. P further 

purification .s earned out chromatographical.y with anion exchangers. The purified Factor X ,s then 

through the effect of immobilised trypsin or RVV (Russell's Viper Venom). 

The activation of purified human p.asma Factor X is desenbed ,n ^^'^^^^^ 
o activators. RW and/or pur.f.ed physiologies, activators are employed. Facto VII. toge ther w^h t s 
factor', and- Factor IXaFactor VII. be.ong to the last grouo. As a result, the activated Fad or X s obtained^ 

Plasma, for example, serves as starting material lor the extract.on of Factor X and/or Xa. Besides. 
Factor X andor Xa can be recombinant^ produced. harbors the 

The use of biolo.ogical materials as starting matena.s and/or for the aovation of Factor X harbors ^ e 
nsk of the existence of infectious agents in the preparation. Therefore, a treatment «or the .nact. vatiorv 
espec a ly o< viruses, is abso.ute.y required. The activated Factor Xa is also -nsidered .o 
eTzyme ?in comparison to the zymogen), for which reason „ is preferred to treat ^ 2 Vmogen (Factor X for 
virul inact.vat.on For safety reasons as well as reasons of stability it is suggested ,n US -PS 
admire! the zymogen Factor X .nstead of Factor Xa for the treatment of ^^Z^^^ 

As already mentioned above. Factor X and/or the activated Factor Xa can a.s b > obtamjd ec°rnP 
„ y For examp.e. the expression of Factor X and the activated form in transformed CHC~c*to* 
,n J Biol.Chem. 266. .3726-13730 (199.). The obtained coagulation Factors are purified .^^^^ 
and .mmunoa.fin.ty ^^^J^^^ ^Sn^^™ 

55 s^r:™ ?r ,og,es u ,s a,so known ,hat 

recombinant^ produced Factor Xa in its purified form is subject to autoproteolysis. 

The object of the .nvention is to make available a virus-inactivated Factor Preparation^ » h gh pum^ 
A further ob.ee. according to the invention ,s to create a v,rus-,nac,vated. stable beta-Factor Xa preparat.o 
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In addition, a wus-.nactivaled F»,-i n , v, . c "" ,y per m 9 Protein. 

» »vi, y De , mg prol9 , n , s ^aSL Xa »•» a. least ,00 units eoag u ,a,i„ Factor ^ 

is -SS , s^^1^.^ y . r '~ , •* - ~ s » '« -„s - mg Dro , em 

»-.le„,,,, y S00,nd,o, ~0m. 2*7™^™™^?^?*'°' ** «— • - '« taTST 

This is achieved by a new mrthnn t * k ^ ,y per ma - ,s made available 

>s methanol, or ethano, of more than 0 0 5 T o T' nnnn P ? ^ * adjUSted (0 a content of water 

op,,on P of ^i^J^p^^,^ « to the 

can be heat treated as we,, as s^,^ ^^^^ St3b,e in a torn, so that 

b.oiog.ca, activity. This effect was unexpected^.™ T . 9 '° C ° nSider an essential of the 

they are present together w„h accompany^ pS e^S *" ^ " whe " 

25 szxez a,b - — - - ™,^wS s^s^s 
e ^Kti^rr^ t ,abi,e ,o heat ~ - * 

As it ,s shown in the fo„ow,ng Examp.es te Xoar^cTT^ ^ «*™™«on 
chromatograph,c purification of a suitable stti^ T-T^^ ,0 * e inw ^ cm ^ P««ucrt by 
subsecuen, heat treatment, preferab - n ^^^"^ h C ° n,amS Factor *■ activation, and 

60-C and , hour at 80-C according ,o EP^ S 3 , f t " J ri ? ea,mem ° CCUr durin ° ,0 h °^s at 

coning fract.o, ^U^T,^^ ^ * ' S a *■» X- 

punted Factor X is activated to Factor Xa by "he X t o, an T °" °' " p ' d - enve| 0Ped v.ruses. and the 
Xa as we,, as a heat treatment of the same's added For !f? °** 3 ,Urther pu " Ucai ™ <* Factor 
prothrombin comp.ex. or a cefl culture supernatant which " 3 P ' aSma ' raC, ' 0n - ,n particula ' a 

starting materia,. ,„ order to guarante J a Z7™ S 2T recombina "< Factor X serves as 

agents. ,, is adventageous to a'eady treat me ^LTJl 7 «° ^ trans ™ssion of infectious 

Factor X for the .nacfvation of ,nfec ious agents ?n thif eSPeC ' a " y V " USeS ' b6, ° re the is ° ,ation of the 
lew 2 measures for the inactivat.on of druses ' °' pr0duc ' ion c o-Pnses at 

a ^e^ a -,ub,e enzyme can be used as an 

of intrinsic or extrinsic coagulation c^^ P ^nc^LT^" ,ike " 3 P^****- -tivator 

with a co-factor, like Factor V„a and tissue Factor Zj^T T coaQulati °" factor, optional.y 

It is supposed that Factor x a , LI . ° r ,h ' S lasl orou P- 

hemophma when they are administered ZgeZ Z*'%£Z J^'^ va,uable -atment of 

■s. however, known ,ha, the autocata.ytic Sterma^ion ° 0 S f P a h 1 0, ^ d pre P arat '°^ <^ this, see EP-129 998). It 
by lipids. A high stability of Factor xl ^rS^^^TK^ Xa *° ** is augmented 

together w.th phospholipid preparations * 3D ° Ve 3 " des,fab,e if ^ "° administered 

*™«°^ P ' epa ' a «°« -cording , 0 the invention is 

combination with phospho.ipid prj££S l^t^STrT*' ^ 3 " When M ' S - 

Aside irom the therapeutic use oY ffie htaSJ TrT? V v S ° ° r S6nce 0f ,he s,ab,e b ^ a fa"- 
these also find an advantageous use £ ^diagnostics P-para„on S according , 0 the invention. 
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The invention is more closely described by the following examples. 

Example 1: 

Preparation o« Factor X from a virus-inactivated p.asma fraction by means of ion exchange chromatography. 

A lyophilisate of a prothrombin 
Prote,n C and Protein S was used as a starting ma g ^ ^ ^ Qf 

the method of H.G.J. Brumme.huis ^^^p^f^ York. 1980)) and heat treated for virus 
Plasma Protein Fractionation, pages 117-128 (Acaa. rres ■ 

inactivation according to EP-159.311. disS olved in distilled water so that the solution 

Correspondingly, the lyoph.hsate (tOOO U i ROd) was o ^ ^ ^ Tween 8Q ^ SQ[M 

contains 50.000 U FX/I and was adjusted to jH m * ^ ^ djstj||e(j water t0 tne 

.as stirred for 1 hour at '°°™; em 0 ^ g g/)) and djust d 

5-fold volume (correspond.ng to ^.000 V^)- ™«a oteins of the protnro mb.n 

to P H 7.0. By the addition of 80 ml 1M BaC1 2 solution er 10* °° mjn 4 . Q and wasned 

complex were co- P rec,pitated The P^^^^SnSn an' repeated centrifugation^ (Wash 
three times with 1 I wash buffer per 10 000 U FX by e p i ^ Benzamidine . HC1 , ^ 

buffer. For this a solution of 20 mM tnsod^n-a «te* hydr^e. 100^ ^ ^ ^ ^ ^ ^ ^ 
, 10 mg/l soyabean-trypsin inhibitor. pH 6.0. was m.xe 

corresponding precipitate separated.) m.nutes with 200 ml (per 10.000 U 

The washed precipitate was suspended with stirring at 4 o ben zamidine-HCI and 

of FX used) o, a 25% (VW> ammonium sulphate ^ ^ the pellet was again resuspended with 
subsequently centrifuged. The supernatant was grated and P supernatants we re combined. 
5 ammonium sulphate solution and centrifuge da* «v ^^A'S <o< IS Uours. ensutng p<e*p**e 
brought to 80% saturation with ammonium sulphate and MM ef 25 mM triSodium -citrate- 

containing fractions were combined and ^ e % { °J^L se Q arare6 by chromatography on DEAE- 
Subsequently. the prothrombin complex ^J^^ t0 a column (inner diameter: gel bed 
Sepharose-Fast-Flow®. In addition. 10 J U Rt jl Df , 9 el w ^ dS f|ow rate of 2 m , min . Thereafter, the 
height = 1:8.3). with swelled, washed DE AE-Sepharose g e t, a ^ mM ^ jn ^ mM 

35 column was washed w„h a flow rate of 2 ml.m, 17 Md* vo(ume ^ ^ ^ ^ , n 25 
tnsodium-citrate-dihydrate. pH 6.0. " Jed ^ the 5 2-fo.d ge° volume of 280 mM Nad in Crate 

mM citrate buffer. pH 6.0. The elution of FX ^^J 2 , M in butter and by washing with a 

buffer. P H 6.0 (protein still bound to the gel was removed with 

D ase >- „ ^ wh,ch were analyzed for the content of FX. Protein C FIX 

Through the elution. fractions were collected wh,ch were ana y ^ q ^ combined . 

and Fll. The FX-containing fractions which were ^™ ™*^\ or , 5 hours at «-C. The resulting 
brought to 80% saturation with ammonium su pha tea* d ^ buffer pH 7 . 4 which contained 

^r^zzs^z™ ? " a9a,ns ' 20 mM TBSC 
jzlzz szi tz z: » . ... - - p.— ™« 

Example 2: 

Alternative Method for the Products of Factor X 
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The ,oph„isate of a P— ,n-comp,ex ^„ 
*rt*M^T^U-™^«"^^™ separated by centrifugation. washed by 
, n at room temperature. Thereafter, the sc-hd P has * S ' a buHer ot 20 nM Tris-Hd. P H 7.0. 
suspension two times each with 25 m.g c *™™J^™ g ° 6 aqain . Thereafter, a third washing by 
containing .0% ammonium sulfate °>a JLr of*) mM Tris-HC. pH 7.0. containing 

repeated resuspension with 25 ml g caictum u u w 
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150 mM NaCI. and subsequent centrifugation was carried out 

For the elution of the adsorbed Factor X. the pellet was stirred with i m 
7 0 (25 m. e .u«ion solution^ calcium phosphate u'sed for , t at room empire T*T PH 
phase was separated by centrifugation and the Factor X rnnrin ™ temperature Th ereafter. the solid 
saturation with ammonium sulfate and siirr^ fTJ^^ZT 9 SUPematem was b ™9* to 80% 
way by centrifugation. As described in E^ampte , oLaoraoh'4 ^ m? PreC ' P " ate WM ° b,ained in ,his 
G25 and subsepuently conveyed ,o DEA^ ^ph^rose-Fast Row® for ^Z^F" ^ 

Example 3: 

2£££££ C "' X "° m ' *~***~> — ~ -*» - « « - I- exc„„ 9e „ a) „ n , ly 
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Example 4: 

Quantitative measurement of Factor Xa 
Test principle: 



30 n,troan,.ine is measured spectrophotometrical.y a, 405 nm ^ mCfeaSe °' para " 

quant^d" 6336 °' ^ ° Pt,Ca ' ^ <° ° > iS Pr0p0rti0 " a ' <° — , of Factor Xa in the samp.e to be 



Reagents: 

35 

Dilution buffer: 

3.7 g/l Tris-(hydroxymetnyf)-am.nomethane 
2.1 g/l Imidazol 
18.0 g/l NaCI 
-■o 1.0 g/l Human albumin 

pH 8.4 

Substrate solution: 

v 

1.3 mM CH 3 OCO-D-CHA-Gly-Arg-pNA 
»n dilution buffer 

Methods: 
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.T37.r^^73,S C,0r h 5 ? ^ W " h 50Ul °' diMi0n -cubated for 90 

at 37 -C a. 405 nm i mUs^o Th. f T *'* add6d *" inCrease of ,he 0 °- Per m.nute 

of measurement '" CreaSe °' ^ ° ° mMt St3y ,inea "* c °" stan < ^ng the time period 

7S««- ^ d T in ? °' 3 re,erence curv *. the standard preparation of bovine Factor Xa "NIBSC p,,™™, 
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Example 5: 

Production of beta-Factor Xa from Factor X 

i*« i ? nr -) was mixed with 0.14 mg RW (FX-activating 
The FX solution produced I accord.nc ,tc ^^^^Tra^ temperaLe. Thereafter, the 
,rotease from ^ ~«ShT. a "ow rate o, 3 *Ln to benzamid.ne-Sepharose* (washed and 
incubation mixture was adsorbed at a now raie u _ corresoondinq to 5 E FX/ml gel. 

swei.ed,. packed in a co.umn <inne, C'0-««»"^ «> ^ " '^"^ „„ „„ h TB 9 SC 

a, 4-C and dis.e.ved in 20 m M T„,HC, *** containing ,5 njMN^ P» ^ ^ „ as 

r: T^-r™", Ce sjss^Ss «- 62s - — -r 

lo Id sLUIiV a*s«d ,o 200 u b.ia-FXan,, «in ,nis «,». ft. P-Pa-on ,s P-.sen, .n 
TBS A beta-FX, piepa.a.ion prepaid aeco.dino » m,s me ,nod nas a specific ac.viiv 0. 2.550 U FXa,™, 

protein. 

Variant A 

* c c; w3 e mixed with saccharose so that the final 

A beta-FXa solution produced accordmg to Example 5 «a$ m.xea 

preparation contained 5 g/100 ml. 

This specific activity was as described above. 

Variant B 

. A miypd with 1 a. 1 100 ml human albumin 

A beta-FXa solution produced according to variant A was m.xed wtn g 

o (HUMAN ALBUMIN 20% IMMUNO. heat treated). 20 y 

A beta-FXa preparat.on prepared accord.ng to this method has 
FXa-mg protein (before the albumin add.tion this specie activ.ty amounted to 2550 U mg protein). 

Example 6: 

Lyophilization of Factor Xa 

A beta-FXa preparat.on produced accord.ng to Examp,. 5 was shocK , roZ e ^J™?£^ ^ of 
After reconst.tut.on of the lyoph.lizate .n the ong.nal voiume. more than 50 
40 FXa could be determined in all cases. 

Example 7: 

Heat treatment of lyophilized beta-Factor Xa 

* For the ,nac„at,n o, potent.a.ly present pathogens, the ^^J^^^Z ZZZSt 

6 were heated under increase of the part* water vapour ^^^^ Ta further . hour at 
patent EP-159 311 or were treated in the same way followmg the treatment at 60 u 
80 -C. The y.eid of FXa amounted to more than 90% in every case. 

50 

Example 8: 

Thermostat,.,.* of Factor X .n a prothromb.n complex preparat.on .n compar.son to highfy punfied Factor X 

55 The wowing experiments prov.de a comparison oUhe stabiljv ^'SSSTx t 

Cfferently pure preparat.ons of Factor X. While it ^"^^^Viwn^lng to the 
essentially more stab.e than the activated Factor Xa. ,t has heat treatment Wlth0 ut an 
.nvention that, nevertheless, this act.vated Factor Xa can be subjected 
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appreciable .oss of the biological activity. This was not predictable in the art 

prep^r MES^ SoTs ZJ^^ COm T 50n °' "*~> Factor X 

Brummelhuis (Preparation of throroVhrnmhin T P^pared according t0 the method of H G j 

Fractionation, page's *\ ^ ,28 Press "IT °' P ' aSma ^ 

according ,o the method according t0 EP .59 3,^ r h il f T ' 0r * he virus 'Activation 

amounted to , 36 U/mg protein. Moreover Facto! I, IhoLT' ^ °'. Factor X this P^Paration 
Factor IX showed a specific activity of 1.12 

■ snowea a specific activity of ,.33 U/mg protein and 

ph 7.35. 0y ch^og^ 0 „ s^^'ss^rs 1 l Sl^? ,,a '" a79rtN • c, • 

amounted to 45 U/mg protein. specie activity of this Factor X preparation 

Both Factor X preparations were diluted to 7 U FXmi in »h= 
Subsequently, they were moistened to 7.5% w, w) 0 f ^ anc , i rr^T ""^ ** 
95 -C. 2 hours at 95- C or ,0 hours a, 60 - C tZ-JL ?h c 0356 hea,ed ei,her ,or 1 *our at 

and the decrease in activi ty was asceSinedTn * ^ X C ° mem ° f the szm ^ -as measured 
this, it was shown that highly ' * n0t " hea,ed FaCt0r X (See Tabl * » By 

— wh„e the act.vSy ^ ~ ^o^^^^ 

Table i 
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Treatment 


FX % Residual activity 


FX pure 


FX in PPK 


not heated 


100 


100 


1 h/95 • C 


81 


99.6 


2 h/95 * C 


78.5 


94.5 


10 h.'60-C 


82 


100 



^^»»>»i«n«th.c«i nl h. m . lh<)aacco ^t^^' aM *" 0C '=' ,,S HO,,eVO '- 

Example 9: 

Storage stability of beta-Factor Xa 

"herein , sample was laken once ~ „L 1« 'Whales »e,e SWM a! 37 -c ove, 6 weeks. 

. no ch „ 9 o o, s^z^.^i^ ™ - 

Claims 



1. ^-inactivated Factor Xa preparanon w„h a, least ,00 un, IS coagulation Factor Xa act.vity per mg 

50 2 ' m^er" F3C,0r ^ PrePara " 0n ^ * — ' 00 Factor bet ,Xa activity per 

3. Preparation according ,o claim , or 2 with a, least 500 un„ s per mg protein. 

55 4. Preparation according ,o claim I or 2 with at leas, , .000 units per mg protein. 
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Preparation according to c.aim 5. characterized in that a heat treatment is performed for the virus 



inactivation. 



inactivation of infectious agents, especially viruses, 
treatment for the virus inactivation. 

* ^-^^^^^^-—--^ 

a transformation into exclusively beta-Factor Xa. 

- ^ q rh^rartPhzed in that a plasma fraction, especially a prothrombin 
10. Method according to claims / to 9. charactenzea m in dl « y * 
complex, or recombinant Factor X is used as a starting material. 

^* *k« 3 hnwP Maims 7 to 10 characterized in that the ourification of 
11 Method according to one or more of the above claims mo iu. 

* the Factor Xa preparation results in at least 500 units per mg of protein. 

rsr mft « nf thP above claims 7 to 10. characterized m that the purification of 

12. Method according to one or more of the above ciaimb iu v. 

the Factor Xa preparation results in at least 1000 units per mg of protein. 

* a h rt „p riAims 7 to 12 characterized in that the purification of 

13. Method according to one or more of the above claims / to i*. cnar^ 

the Factor X occurs chromatographically. 

a rtf th . ahfW p c i a im S 7 to 13. characterized in that the activation of 

14. Method according to one or more of the above claims 

Factor X to Factor Xa occurs enzymatically. 

coagulation factor opt.onally with a co-factor such as Factor V.la and t.ssue factor 

enzyme. 

16. Method accord.no. to one or more of the Ca.ms 7 to 15. charactered ,n .hat a heat treatment for the 
o virus inactivation occurs. 

17. Method according to cairn .6. charactered .n .hat the heat treatment >s earned out a, a temperature 

from 50 to 90* C. 

m- t ^ a m 17 characterized in that the heat denaturation occurs in a solid state at a 
js 18. Method according to claim 17. cnaractenzea m mai 

water content from 6 to 30% (w/w). 

^ « tr. ift characterized m that the transformation from 
19. Method according to one or more of the claims 8 to 18. characterise 

alpha-Factor Xa to beta-Factor Xa occurs by -ncubation. 
50 20. Method according to claim 19. characterized m that an a.pha-Factor Xa-conta,n,ng solution is Abated 
1 to 24 h at 4 to 40 • C. preferably 2 to 4 h at 1 7 to 37 • C. 

i a# i«n f^rtnr Xa activitv and/or beta-Factor Xa activity according to one 



inhibitor patients. 
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